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Aims: The primary aim of this study was to assess the accuracy of clinical coding in identifying negative
appendicectomies. The secondary aim was to analyse trends over time in rates of simple, complex
(gangrenous or perforated) and negative appendicectomies.
Methods: Retrospective review of 1210 patients undergoing emergency appendicectomy during a ﬁve
year period (2006e2010). Histopathology reports were taken as gold standard for diagnosis and
compared to clinical coding lists. Clinical coding is the process by which non-medical administrators
apply standardised diagnostic codes to patients, based upon clinical notes at discharge. These codes then
contribute to national databases. Statistical analysis included correlation studies and regression analyses.
Results: Clinical coding had only moderate correlation with histopathology, with an overall kappa of
0.421. Annual kappa values varied between 0.378 and 0.500. Overall 14% of patients were incorrectly
coded as having had appendicitis when in fact they had a histopathologically normal appendix (153/
1107), whereas 4% were falsely coded as having received a negative appendicectomy when they had
appendicitis (48/1107). There was an overall signiﬁcant fall and then rise in the rate of simple appen-
dicitis (B coefﬁcient 0.239 (95% conﬁdence interval 0.426, 0.051), p ¼ 0.014) but no change in the
rate of complex appendicitis (B coefﬁcient 0.008 (0.015, 0.031), p ¼ 0.476).
Conclusions: Clinical coding for negative appendicectomy was unreliable. Negative rates may be higher
than suspected. This has implications for the validity of national database analyses. Using this form of
data as a quality indictor for appendicitis should be reconsidered until its quality is improved.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Studies investigating rates of appendicitis and negative appen-
dicectomy are often based on large national databases, such as
Hospital Episode Statistics (HES) in England.1e5 These databases are
frequently generated by clinical coding of records at individual
hospitals. The validity of these studies’ ﬁndings, both with regards
to appendicitis and other conditions, are therefore dependent on
the accuracy of the underlying coding. This accuracy has only been
established in a limited number of clinical areas.1,6,7
Coding accuracy is particularly important if this routinely
collected data is used to evaluate the performance of individual
consultants and hospitals.6e8 Database studies can also investigateat Britain and Ireland, Bour-
hangu).
ciates Ltd. Published by Elsevier Ltdisease patterns. For example, it is uncertain whether perforated
appendicitis is the sequela of non-perforated appendicitis or
whether this represents a separate pathology.5 Similarly, whilst
there is evidence suggesting that negative appendicectomy is
decreasing, it remains common.3,4,9
An analysis validating clinical coding against a gold standard in
a large patient series is therefore of interest to determine the reli-
ability of coding. Reporting of perforated appendicitis and negative
appendicectomy rates from a large patient series will also allow
benchmarking.
The primary aim of this study was to assess the accuracy of
clinical coding to correctly identify negative appendicectomy. The
secondary aim was to analyse trends over time in rates of simple,
complex (i.e. gangrenous or perforated) and negative appendicec-
tomy over time.
2. Methods
Russells Hall Hospital is a large district general hospital in the United Kingdom
serving a local population of over 350,000 people. A retrospective review of alld. All rights reserved.
Table 1
Agreement between histopathology and clinical coding. Figures in brackets repre-
sent the false negative (bottom left) and the false positive (top right) rates.
Year Coding Histopathology Kappa
Appendicitis Negative
2006 appendicitis 199 26 (10%)
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period. The protocol for this retrospective audit was registered and approved with
the hospital’s Audit Department.
2.1. Inclusion/exclusion criteria
Patients of any age undergoing primary emergency appendicectomy between
January 2006 and August 2010 inclusive were included. Patients whose appendi-
cectomy was incidental to another procedure were excluded.
2.2. Deﬁnitions and data collection
Patients were identiﬁed by a manual search of the hospital’s prospectively
maintained emergency theatre logbook. Hospital protocol during the study period
required all excised appendix specimens to be sent for routine histopathological
examination. The result of histopathological examination of the excised appendix
was taken as the gold standard diagnosis. Histopathology results were recorded as
being normal (primary removal of an appendix which was histopathologically
normal), simple appendicitis (i.e. non-perforated, non-gangrenous inﬂammation) or
complex appendicitis (gangrenous or perforated appendix). Children were deﬁned
as those aged under 16 years.
2.3. Study endpoints
The endpoints of this study were (i) accuracy of clinical coding to code for
a negative appendicectomy compared to histopathology; (ii) trends over time in
rates of simple, complex and negative appendicectomy.
2.4. Clinical coding
Clinical coding is a process by which all patients undergoing procedures are
coded according to the Ofﬁce of Population, Censuses and Surveys: Classiﬁcation of
interventions and procedures, 4th Revision (OPCS-4). This coding is the basis of
patient level funding for the hospital from Primary Care Trusts. It also contributes to
hospital activity reports and to national databases. In our hospital, non-medical
administrative staff perform coding by clinical case note review at patient
discharge, at which time histopathology results are not routinely available.
The accuracy of hospital coding designating appendicectomies as either being
positive (removal of abnormal appendix) or negative was investigated. OPCS-4
codes H01.1 (emergency excision of abnormal appendix and drainage), H01.2
(emergency excision of abnormal appendix) were taken as recording deﬁnite
positive appendicectomies. H01.2 (emergency excision of a normal appendix) was
taken to record negative appendicectomy. Clinical coding was compared to the
diagnostic histopathology reports as the gold standard. Patients identiﬁed from
logbooks but missing from clinical coding lists were excluded from the analysis
validating clinical coding.
2.5. Statistical analysis
Agreement between clinical coding and histopathology was calculated using
kappa coefﬁcients. Interpretation of kappa was performed according to Landis and
Koch10: <0 ¼ poor agreement, 0e0.2 ¼ slight, 0.21e0.4 ¼ fair, 0.41e0.6 ¼moderate,
0.61e0.8 ¼ good, 0.81e1.00 ¼ very good.
Rates of simple appendicitis, complex appendicitis and negative appendicec-
tomy were calculated using the population of Dudley Metropolitan Borough for the
appropriate year as the denominator. Population data was accessed from the Ofﬁce
of National Statistics website (http://www.statistics.gov.uk; accessed 8/1/2011).
Crude rates were then standardised to the European Standard Population.
Differences between groups were tested using Chi squared tests. To investigate
trends over time, 12 monthly moving averages for age standardised data were
plotted and the resultant graphs were inspected for trends. In order to test these
relationships between rates of different histology, unadjusted rates from each
subgroup were tested with linear and quadratic regression. If there was a signiﬁcant
change in the R value from linear to quadratic, the quadratic relationship was taken
as the best ﬁt. Data was analysed using SPSS 16.0 (SPSS Inc, Chicago, Illinois).negative 14 (5%) 19 0.398
2007 appendicitis 180 34 (14%)
negative 14 (6%) 23 0.378
2008 appendicitis 139 41 (19%)
negative 9 (4%) 29 0.402
2009 appendicitis 152 30 (14%)
negative 8 (4%) 29 0.500
2010 appendicitis 125 22 (14%)
negative 3 (2%) 11 0.394
overall appendicitis 795 153 (14%)
negative 48 (4%) 111 0.4213. Results
Over a ﬁve year period, 1210 primary appendicectomies were
performed, with 47% being in female patients (n¼ 569/1210). Some
21%were age 3e14 years old (n¼ 258), 47% aged 15e34 years (570),
19% were aged 35e49 years (231) and 13% were over 50 years old
(151). Laparoscopy was not used routinely during the study period
and accounted for only 3% of cases (40/1210).3.1. Agreement with clinical coding
The overall agreement between clinical coding and histopa-
thology in classifying patients as having appendicitis or negative
appendicectomy was moderate, as demonstrated by a kappa value
of 0.421 (Table 1). Annual kappa values varied between 0.378 and
0.500, which represents poor to moderate agreement. Overall 14%
of patients were incorrectly coded as having had appendicitis when
in fact they had a histopathologically normal appendix (153/1107).
Four percent were falsely coded as having received a negative
appendicectomy when they had appendicitis (48/1107).
3.2. Trends in simple, complex and negative appendicectomy
During the study period, the overall age standardised rate of
simple appendicitis ﬁrst fell and then increased, in contrast to the
overall negative rate which ﬁrst increased and then decreased.
However these ﬂuctuations occurred at different times (Fig. 1a).
This pattern was replicated in the female subgroup (Fig. 1b), but in
males although simple rates ﬂuctuated, negative rates remained
stable (Fig. 1c). Little ﬂuctuation was seen in the complex rates.
These relationships were then tested with linear and quadratic
regression. The groups that displayed signiﬁcant quadratic rela-
tionships, conﬁrming the variations seen in Fig. 1, were the simple
appendicitis rates in females (R2 0.109, F change 0.017), the negative
rate in females (R2 0.074, F change 0.048), the overall simple rate (R2
0.0.014, F change 0.030) and the overall negative rate (R2 0.092, F
change 0.025). The overall complex rate remained constant (overall
rate B coefﬁcient 0.008 (0.015, 0.031), p ¼ 0.476).
The overall negative rate was 24% (293/1210). Of those having
a normal appendix removed, 62% were female (182/293) and 22%
were children (65/293). For the whole study period, negative rates
were higher in females (31%,182/596) compared tomales (18%,111/
614, p < 0.001). Negative rates were highest in females of repro-
ductive age (Fig. 2): 36% in those aged 15e34 years (110/307); 28%
in those aged 35e49 years (13/109); 27% in those aged 3e14 years
(27%); 17% in those aged 50 and over (12/71).
4. Discussion
This study reports the experiences of a large, busy English
district general hospital in managing acute appendicitis and
provides a benchmark for population based studies. Such pop-
ulation level studies frequently use databases to investigate large
numbers of patients, so a review of the quality of coding contrib-
uting to such a register is useful.2,3,11,12 Database studies are
important not only for detecting change in disease patterns, but can
also be used to analyse surgical outcomes.6,7 In this study, therewas
ab
c
Fig. 1. 12 monthly moving averages for age standardised rates for simple and complex
appendicitis and negative appendicectomy, overall (a) and split by gender (b and c),
over the study period. Time 0 on the x-axis relates to the ﬁrst month of the study
(January 2006).
Fig. 2. Proportions of negative appendicitis in various subgroups.
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in fact histologically normal, leading to an overall false positive rate
of 14%.
There have been few other studies validating clinical coding in
appendicitis. In a multicentre American study Flum et al., found
that whilst positive appendicectomy was accurately coded in an
administrative database, negative appendicectomy was inaccu-
rately coded.1 Our study from an English hospital similarly found
that negative appendicectomy rates are underestimated by clinical
coding. Consequently, data derived from clinical coding may be
unsuitable as a quality indicator for appendicitis until its quality is
improved. Whilst other studies have focussed on HES coding in
areas such as cancer6,8 and cardiac surgery,7 validation of the wider
HES dataset in England is needed. Appendicitis remains one of the
commonest surgical procedures performed3 and therefore
warrants particular attention.
Surgeons should be aware of the limitations of accuracy of
coding, especially as measurement of their performance may be
based upon it.4,8 Whilst database studies beneﬁt from large cohorts
that increase study power, this may be insufﬁcient to off-set inac-
curate coding. A large analysis of HES found a 15.4% overall negative
appendicectomy rate in England,2 which is similar to the 14%
negative rate according to coding found from our hospital.
However, our true negative rate according to histopathology was
24%. This may mean that the higher negative rates found in young
women are more widespread than national analyses suggest or it
may reﬂect hospital variations in management.13,14
Clinical coding during this period was based on clinical note
review upon patient discharge when histopathology reports were
unavailable. Since coding practices vary between hospitals the
ﬁndings of this single centre study should be generalised to other
units with caution. However, hospitals that rely on clinical coding
are likely to experience similar problems to our centre. It is possible
that basic training for non-medical coders to interpret appendicitis
histopathology reports and base clinical coding upon them would
improve coding accuracy.
The overall rate of negative appendicectomy was 24%. This is in
the middle of published rates which vary between 6 and
40%.2,3,11,12,16 As in previous studies, young womenwere at greatest
risk of negative appendicectomy2,9,15and their negative rates were
at the higher end of published rates.2,11,15 Like many other studies,
we are unable to give deﬁnitive reasons for these changes and
further exploration of the causes are beyond the scope of this
paper.3,12,17 Our study found that there was little correlation
between simple and complex appendicitis, supporting trends
previously reported in the international literature.3,5,15 A nation-
wide study in the USA of a 34 year period found that whilst rates of
non-perforated appendicitis ﬂuctuated, ﬁrst decreasing and then
increasing, the rate of perforation remained constant, whilst
negative appendicectomies decreased.5
Variables that may inﬂuence negative rates include the grade of
surgeonmaking surgical decisions, the use of imaging and the use of
laparoscopy and these should be investigated. Controlled, prospec-
tive studies have shown that routine CT scanning can reduce nega-
tive appendicectomy rates.18 The availability and pragmatic use of
routine CT in theUnitedKingdom is limited.19,20 CT inyoungwomen
is also not used routinely due to the perceived risk of radiation
exposure during fertile years, but it may be more suitable as follow-
up after negative or equivocal ultrasound.3,18
Laparoscopy was not routinely used in our hospital during the
study period and so this study largely reports on open appendi-
cectomy. Laparoscopy has been shown in the wider literature to
reduce negative appendicectomy rates.9,21 Akbar et al., have
demonstrated an increased use of laparoscopic appendicectomy
in recent years, which was associated with a lower negative
A. Bhangu et al. / International Journal of Surgery 10 (2012) 144e147 147
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Initial increased rates of pelvic abscesses following laparoscopic
appendicectomy have not yet been widely conﬁrmed.23
This study is limited by being a retrospective review at a single
centre. It is possible that some appendicectomies were not identi-
ﬁed, either from theatre logbooks or clinical coding lists. We were
unable to further investigate the reasons for inaccurate coding,
which would be an important step towards improving future
practice. To further test the validity of national databases, similar
studies need to be performed in separate centres.5. Conclusions
Clinical coding for negative appendicectomy was unreliable.
Negative rates in some subgroups may be higher than suspected.
Data derived from clinical coding may be unsuitable as a quality
indicator for appendicitis until its quality is improved. Methods to
improve accuracy of coding may include training of coders to make
routine use of histopathology reports.
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